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X-ray diffraction arrAysis of tRNA conformation 
requires the preparation of 3 or 4 isomorphous, heavy- 
atom derivatives. Preparation of these derivatives can 
be the most time-consuming and laborious part of the 
analysis due to our limited knowledge of predictable, 
specific heavy-atom reactions_ The first heavy-atom 
derivative is the most important, par:icularly if it is 
labeled at a single site since information obtained 
with it provides rough phase informatio99 which 
facilitates the analysis of subsequent derivatives [I ]_ 
We describe here a procedure for pieparing a specific, 
single-site, osmium derivative of yeast tRNATYr. The 
osmium is covalently attached to the isopentenyl 
adenosine residue at the 3’ side of the anticodon. This 
procedure should be applicable to other tRNA species 
which contain isopentenyl adenosine. In related work, 
the isopentenyi group in yeast tIPLASer has been 
labeled with iodine ]2] while this residue has teen 
spin-labeled in yeast tRNATv* [3]. 
Osmium tetroxide was obtained from Varlacoid 
Chemical Co. and standardized by its ultraviolet 
spectrum, ~275 = 1733 CJII-J M-’ in pH 7.0 sodium 
phosphate but&r ]4]_ 2,2’-Bipyridyl was obtained 
from 6. Frederjck Smith! and purified by subhmation 
under vacul;;n. Pyridine was purified by fractional 
distillation and stored over molecular sieves. Nucleo- 
sides, nucleotides, ribonuclease Tr and. T2, and 
bacterial alkaline phosphatase were obtained from 
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Sigma Chemical Co. Ribonuclease T2 was dialyzed 
against 10 IT M ammonium acetate and stored at 
100 units/ml, &. The phosphatase was dialyzed 
against 10 mM ammonium bicarbonate (pH 8.0). It 
was stored at 0.5 mg/ml, 4°C. Fleischmann’s cake 
yeast, used to prepare aminoacyl tRNA ligase, was 
purchased at local grocery stores. Crude brewer’s 
yeast tRNA was a product of Boehringer. Cellulose 
thin-layer chromatographic (TLC) sheets (plastic- 
backed), obtained from hStJnaJ1, were washed with 
2 M acetic acid by attaching a pad of filter paper to 
the tolj of 2 sheets back-to-back with glass rods and 
rubber bands. The sheets were dried in air. This was 
followed by a final wash in distilled water and air- 
drying. [U-‘4C]Tyrosine was a product of Amer.&am. 
Crude arninoacyl tRNA hgsse was prepared using a 
modification [5 ] of the procedure in [6 J. Yeast 
tRNATYr was isolated from crude yeast tRNA on 
columns of BD-cellulose using the procedure [7] as 
modified [5 ]_ Amino acid acceptor activity (1760 pmol/ 
A -,J of the tRNA was determined by charging 
samples with [r4C]tyrosine, precipitati99g the tRNA 
onto cellulose discs with ethanol, washing with 
trichhloroacetic acid, ethanol and ether, drying, and 
counting radioactivity in a scintillation cocktail 
(detailed in [5]). 
3 -2. E?epaarion of the osmium derivafive 
One A 260 unit (1760 pm&) of lyophihzed yeast 
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tRNATYr was dissolved in 10 ~1 water containing 
1770 pm01 osmium tetroxide and 1000 nmol pyridine. 
This mixture was incubated at 25°C for 1.5 h. The 
solution-was evaporated to near dryness with a stream 
of air at room temperature (-J h) to remove unreacted 
osmium tetroxide and most of the pyridine. The 
residue was redissolved in 25 ~1 saturated aqueous 
2,2’-bipyxidyl and incubated at room temperature for 
2 h. The modified tFWA was either used at once or 
lyophilized and stored at -20°C. me modification 
was also carried out after preincubation in 5 mM 
MgC12, 100 I-I-M ammonium bicarbonate @H 7.5) for 
1 ti foJJowed by addition of the osmium tetroxide- 
pyridine reagent and reaction as above. 
The position and extent of labeling was determined 
by hydrolyzing the tRNA to nucleosides with ribonu- 
clease TZ and phosphatase followed by separation of 
the nucleosides on cellulose TLG. Identical results 
were obtained whether or not the tRfiA had been 
treated with MgC12 before.modification with osmium. 
Conditions for hydrolysis: 1 A 260 unit JyophiJized 
tHiNA dissolved in 10 pl solution containing 1 M 
ammonium acetate (pH 4.8), 100 /.A4 EDTA, 25 ~1 
ribonuclease Tz (I 00 units/ml), 25 ~1 saturated 
aqueous 2,2-bipyridyl containing 1 mg crystalline 
bipyridyl. This mixture was incubated for 15 h at 
38°C in a 2 ml polyethyfene conical vial, followed by 
lyophilization and dissolution in a mixture of 25 ~1 
phosphatase (0.5 mg/ml), 25 j_d 100 mM NHJHX13 
(pH 8.0) and 25 DJ saturated aqueous bipyridyl con- 
taining 1 mg crystalline bipyridyl for 15 h at 38k 
The mixture was lyophilized. The entire residue was 
redissolved in 2 ~1 deiotGze6 distilled water and 
spotted 2 cm from the bottom edge of a cellulose 
TLC strip. The TILC strip was developed with 
)2-propanol cont. NH40H HZ0 (SO: 10: 10, by vol.) to 
5 cm above the origin and air-dried. Nucleosides and 
osmium-modified nucleosides were visible under 
ultraviolet light. The detection limit was -100 pmol. 
Nucleosides were identified by comparison with 
autJientic samples. Spots containing osmium (VI) 
detivatives usually turned brown or gray in 1 or 2 
days (apparently due to reaction wit91 ce99ulose) and 
could be tentativeJy identified by this characteristic. 
Spots were quantitatively assayed for the presence of 
osmium by neutron activation analysis using the 
nuclear reactor at&e University of Michigan. Samples 
were irradiated at -1.5 X lOI3 neutrons/cm2. sfhi:i 
for 2 hours. The activated samples were then analyzed 
between 7-21 days follov&g irradiation using the 
neutron activation analysis facilities at’ The Ohio St ate 
University. Osmium was determined by integrating 
the peak at 129.4 keV characteristic of “‘OS and 
comparison with standards [S]. 
4. Results and discussion 
Yeast tyrosine tRNAcontains 20 rytosine residues, 
7 uracil residues, 3 pseudouridine residues, 1 thymine 
residue, and 1 S-methylcytosine residue in addition 
to the isopentenyl adenosine group. All of these 
groups are capab!e of reaction -;vith an osmium 
(VW)-ligand reagent to form an osmate (VI) ester 
according to eq. (I]: 
The data of table 1 show that we have been ab?e 
t.o carry out a selective rextion with the isopentewl 
adenosine residue using 1 equiv. 0~0~. This is the 
result of kinetic selectivity based on the finding 191 
that the osmium (VIII)-pyddine reagent reacts wi& 
the isopentenyl sidechain -4600-times more rapidJy 
than with thymidine. Of the remaining groups 
mentioned above, all are less reactive than thymidine 
[lo-131. 
A further possible compiication arises from the 
transesterification reactions as shown in eq. (2): 
Thus, initial reaction of the osmix;m (Wl[l)-pyridtie 
reagent with the isopentenyl residue cocjd be followzd 
by transestezification with the adenosine diol at the 
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Table I 
Chxom&tigaphic data Cop nu~leosides, osmium derivatives of nucleosides and 
neutron activation analysis of a cbromatogram of an-enzymatic digest of 
osmium-modified yeast ~RRTA~Y’ 
Compound 
(@so2 
Uridine osmate ester, H 
Guanosine 
Uridine 
Ribotbymidine osrnate ester, H 
RF Osmium analysis - 
pm01 OS I+ range _ 
0.00 150 * 100 0.00 
0.08 
0.10 
Wndetectabled 0.03-0.15 
0.24 
0.24 
Undetectable 0.15-0.X 
CyPidine 0.34 
Adenosink 0.42 
Os,O,@ipy), 0.50 
Undetectable 0.35-0.60 
Adenosine osmate ester, S 0.50 
RiboPbymidine 0.54 
Isopentenyl adenosine osmate ester, 0 0.66 750 + 50 0.60-0.75 
Isopentenyl adenosineb=c 0.92 Undetectable 0.75-l -00 
a The osmium at the origin results from some decomposition during spotting. Esters 
of greater stability can be prepared using bathophenanthroline disulfonic acid 
instead of bipyridyl { 1 Q] 
b Bipyridyl cochromatographs with isopentenyl adenosine but is easily removed 
because of its volatility 
c The isopentenyl adenosine is absent in the derivatived sample 
d The detection limit was 100 pmol 
Abbrmiatfons: H, an osmate ester formed by addition to the 5,6-double bond; S, the 
osmate ester formed at the ribose 2’,3’-diol; 0, the esmate ester formed by addition 
to the double bond in the isop ntenyl sidecbain (see [9,14]) 
3udghs from the quantity of r;sminm, the amount of tRNA hydroiysate used was 
equivz2ent o -0.5 A,,, units or 900 pm01 
3’-~emir%us. The data of table II show that we have 
suc~essfufly prevented fhis reaction since no osmium 
(VI)-adenosine complex was found. This is in accord 
with [B4,15] where bidentate ligands like 2,2’- 
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bipytidyl we_re shown to f~rrn P-elatively inert osmium 
(VI) complexes. 
Analysis of the n+tied and unmod$fied PRNA by 
digestion with tibonudease T, and two-dimewsisnal 
Tti showed the expected pattern of oligonucleotides. 
The cbromatopm could not be analyzqd for osmium 
because it was lost during chromatography.. However, 
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